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ABSTRACT

The state of nutritional health in the United States in the early part of the twentieth century was very different from today. Nutrient deficiencies
and dental caries were prevalent health concerns for many Americans. In 1940, the US National Defense Advisory Commission asked the National
Academy of Sciences for help in studying problems of nutrition in the United States. The outcome was issuance of the first RDAs. The goal of the
RDAs was to recommend “…allowances sufficiently liberal to be suitable for maintenance of good nutritional status.” In the subsequent decades,
a very different nutritional health challenge began to emerge for an increasing proportion of the population, that of overweight and obesity and
risk of diet-related chronic disease. In part, as a response to this challenge, the RDA process was revised and the Dietary Reference Intakes (DRIs)
were developed. The DRIs are a set of reference values that, when adhered to, predict a low probability of nutrient inadequacy or excessive intake.
Recently, new DRI guidelines were proposed to define reference points for nutrient and food component intakes that influence risk of chronic
disease. Developing DRIs for chronic disease endpoints presents unique challenges, notably, chronic diseases are multifactorial in nature and not
directly nutrient-specific; the body of evidence supporting nutrients and other food substances as modifiers of risk of chronic disease is generally
limited; and there is a lack of consistency in findings across study types. In addition, the latency of dietary exposures and chronic disease outcomes
makes it difficult to demonstrate causality. Adapting the DRI model to meet the needs of the general population in the current context suggests a
need to redefine the boundaries that describe the health of the population and to re-examine how indicators of chronic disease can be integrated
effectively into the DRI process. Adv Nutr 2019;10:537–545.
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Introduction
The DRI model has a rich history, beginning in the 1940s
with the development of the first RDAs, for estimating
nutrient intakes required to prevent nutrient deficiencies,
support growth, and maintain health. The DRI process
has evolved from the RDA, a single value, to specification
of multiple reference values that encompass a safe range
of intake. In recent years, as greater proportions of the
population are living with ≥1 chronic diseases, interest
has grown in considering chronic disease risk reduction
when developing DRIs. In this review, our aims are, first, to
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illustrate how the process by which the current framework
for deriving DRIs has developed in response to changes
in the nutritional status of the US population; second, to
review the strengths and weaknesses of the DRI framework
in consideration of risk of chronic disease; and, third, to
suggest future directions for filling evidence gaps as the DRI
framework continues to evolve.

Development of the RDAs
In the first half of the twentieth century, nutritional de-
ficiencies were more common than they are today in the
general US population. For example, pellagra, a disease of
niacin deficiency, was responsible for approximately 100,000
deaths in the United States from 1906 to 1940 (1). At the
onset of World War II, 25% of military draftees were found
to have evidence of current or past malnutrition and tooth
loss was a frequent cause of rejection for military service
(2). In response to the prevalence of malnutrition in the
United States, the National Defense Advisory Commission
(now called the Department of Defense), in 1940, asked the
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NRC of the National Academy of Sciences for aid in studying
problems of nutrition in the United States. As an outcome
of this request, the NRC established 2 new committees: the
Committee on Food Habits and the Committee on Food and
Nutrition (3). The product of the work of the Committee on
Food and Nutrition was the RDAs, presented to the National
Nutrition Conference for Defense in 1941, and subsequently
published by the NRC in 1943 (4) (Figure 1). The goal of the
RDAs was to recommend “…allowances sufficiently liberal
to be suitable for maintenance of good nutritional status”
(4). Nutrient allowances were established to maintain good
nutrition in principally the total population, and not to meet
the minimal needs of the average individual in a population.
Further, the RDAs were designed to maintain the nutritional
health of the population “under present conditions” (5). This
meant that the RDAs included a margin of sufficiency above
the minimal requirement to account for variations such as
stress, as well as for growth and changes in physiologic
function, but not to account for treatment of disease states
or remediation of frank nutrient deficiency.

The RDAs derived during this period included recom-
mendations for total energy, protein, iron, calcium, vitamins
A and D, thiamin, riboflavin, niacin, and vitamin C (4). These
nutrients were selected based on nutritional concerns related
to national defense as well as to provide recommendations
to the general population (6). Among the nutrients that were
known at the time, but not included in the early RDAs were
carbohydrate, fat, water, iodine, phosphorus, vitamin K, and
sodium. These and other nutrients did appear in the narrative
report in the 1945 revision as “further recommendations,”
but they were not given RDA values. There was a narrative
recommendation for salt (not sodium), but it only recognized
that the usual daily intake exceeded the amount needed to
replace normal losses (7). The evidence on physiological
requirements for fat, iodine, phosphorus, and vitamin K
was scant and likely not sufficient to determine an RDA
value for all age and sex groups in the population (8).

Based on the state of scientific knowledge for the nutrients,
each subsequent edition of the RDAs included an expanded
number of nutrients that were not covered in the previous
editions.

The eighth revised edition (1974) of the RDAs introduced
the concept of meeting the nutritional needs of the general
“healthy” population (11). Specifically, the RDAs were de-
fined as “the levels of intake of essential nutrients considered,
in the judgment of the Food and Nutrition Board, on the
basis of available scientific knowledge, to be adequate to
meet the known nutritional needs of practically all healthy
persons” (11, p. 2). Specification of the “healthy” population
in the RDA definition, as in the previous definition, excluded
individuals with frank disease states that required nutritional
support beyond that which could be provided for from
a normal dietary pattern. Notably, the definition did not
include chronic disease in the general population.

Over the next several decades, as nutritional deficiency
diseases receded from public health concern, risk of chronic
disease began to emerge as a new public health concern. This
included concern about the increasing prevalence of over-
weight and obesity across the population. In response, a num-
ber of events influenced how nutrient intake requirements
were considered. An important contribution to the conver-
sation was the landmark report, Diet and Health, which
clearly identified the link between diet and chronic disease
risk (Figure 1) (9). This report comprehensively reviewed
the evidence available at the time on relations between
dietary intake patterns and nutrient intake, and risk of major
chronic diseases, including cardiovascular disease (CVD),
hypertension, diabetes, cancer, osteoporosis, liver disease and
dental caries (9). The 10th and last edition of the RDAs
(1989) (12) responded to concerns about energy imbalance
in the population by changing the way that the reference body
weight was calculated—that is, from using ideal body weight
as a baseline to a calculated reference weight based on resting
energy expenditure plus an activity factor. In addition, the

FIGURE 1 Timeline of events in the development of the dietary reference intakes (4, 9, 10).
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10th edition, for the first time, acknowledged the potential
role of “other substances in food” (12, pp. 262–272), although
it did not establish any recommended intake values for
them.

From RDAs to DRIs
The impetus for change in the RDA model was strengthened
when the Food and Nutrition Board, in 1993, held a sym-
posium and public hearing to explore questions about how
future RDAs should be revised. This included consideration
for expanding the RDA model to bring together the concepts
of a health-promoting diet to reduce risk of chronic disease
while meeting essential nutrient requirements (13). The
report built on the concepts underpinning the existing RDA
process. At that time, this meant identifying the target
population groups within the generally healthy popula-
tion, determining an average requirement for each group,
statistically modeling the range of individual variability,
assessing nutrient bioavailability in the food supply, and
deriving allowances for each age and sex group that would
include a margin of safety. What was new in the proposed
revision was the introduction of the concept of how nutrient
intake recommendations could play a role in prevention and
management of chronic disease risk. The proposed revision
was to expand the recommendations to include several
reference points that could serve as a systematic approach to
organizing and assessing the strengths and limitations in the
supporting data for nutrients undergoing review.

Subsequently, the board initiated development of the
new paradigm, the DRIs, to establish quantitative reference
values that included both desirable and safe nutrient intake
amounts. The reference values were developed jointly for the
United States and Canada using a statistical model to predict
a low probability of nutrient inadequacy or of excessive
intake (Figure 2) (14). The reference points for nutrient
and food component intakes were bounded by the estimated
average requirement, and the safe upper level of intake (UL),
which was based on a toxicological risk assessment model
(14) to address concerns about the potential for harm from
consuming high amounts of nutrients from fortified foods as
well as dietary supplements. It also introduced the concept
of a safe intake range and included recommendations for a
variety of uses beyond what was feasible with the RDAs alone,
including labeling and nutritional risk assessment (Figure
2) (14, 15). The newly developed DRI paradigm currently
comprises a set of reference values, including the RDA, that
represent quantitative estimates of nutrient intakes that can
be used to assess and plan diets for both individuals and
groups (Table 1).

Current Status of Knowledge
Obesity as a public health concern
In 1974, when the RDAs were conceptually defined “to
meet the known nutritional needs of practically all healthy
persons” (11, p. 3), the prevalence of overweight and obesity
in the United States was <15% across the population (16).
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FIGURE 2 Relationship between dietary reference intake values.
The estimated average requirement (EAR) is the intake at which the
risk of inadequacy is 50% to an individual. The RDA is the intake at
which the risk of inadequacy is very small, 2–3%. The Adequate
Intake (AI) does not bear a consistent relation to the EAR or the
RDA because it is set without the estimate of the requirement. At
intakes between the RDA and the tolerable upper intake level (UL),
the risks of inadequacy and of excess are both close to zero. At
intakes above the UL, the risk of adverse effects may increase.
Reprinted from references 14, 15 with permission.

In fact, the 1974 RDA report stated, “RDAs are intakes of
nutrients that meet the needs of healthy people and do
not take into account special needs arising from infections,
metabolic disorders, chronic diseases, or other abnormalities
that require special dietary treatment” (11, p. 3). Thus,
the problems of overweight and obesity and associated
risks were not considered in derivation of nutrient intake
recommendations at the time.

However, over the subsequent 3–4 decades, overweight
and obesity emerged as a major public health concern.
Evidence for a continuing rise in the prevalence of obesity
in the United States is well documented in data from the
NHANES. Figure 3 and Figure 4 indicate an inflection
point in the years 1976–1980, when the prevalence of
obesity among children and adults, respectively, began to
rise in the US population (17, 18). Dr. C. Everett Koop
noted this trend in prevalence of overweight and obesity
in his 1988 US Surgeon General’s report: “As problems
of nutritional deficiency have diminished in the US, they
have been replaced by problems of dietary imbalance and
excess” (19, p. 2). The marked increase in the prevalence of
overweight and obesity in the US population was formally
documented, and recognized in 1994, with publication of
data on prevalence and BMI, collected between 1960 and
1991 in the NHANES (20).

As a public health concern, obesity is a major risk factor
in many chronic diseases, including type 2 diabetes (T2D),
cancers, hypertension, and CVD. The metabolic abnormal-
ities of obesity, such as alterations in lipid amounts, insulin
resistance and hyperinsulinemia, hypertension, and low-
grade inflammation often lead to the metabolic syndrome
and subsequently to T2D and coronary heart disease (CHD)
or CVD (21). Many of the pathologic features of obesity that
lead to the metabolic syndrome and T2D are also linked to
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TABLE 1 DRI values defined

DRI value Definition

RDA The average daily dietary nutrient intake sufficient to meet the nutrient requirements of nearly all (97–98%) healthy individuals in a
particular life stage and gender group

AI The recommended average daily intake based on observed or experimentally determined approximations or estimates of nutrient
intake by a group (or groups) of apparently healthy people that are assumed to be adequate—used when an RDA cannot be
determined

UL The highest average daily nutrient intake that is likely to pose no risk of adverse health effects to almost all individuals in the general
population. As intake increases about the UL, the potential risk of adverse effects may increase

EAR The average daily nutrient intake estimated to meet the requirement of half the healthy individuals in a particular life stage and gender
group

AMDR The percentage of total energy intake. Intakes that fall above or below the range increase the potential for elevated risk of chronic
disease, or risk of inadequate consumption of essential nutrients

1The DRI categories represent quantitative estimates of recommended nutrient intakes. AI, Adequate Intake; AMDR, acceptable macronutrient distribution ranges; EAR, estimated
average requirement; UL, tolerable upper intake level. Adapted from reference (26) with permission.

cancer, such as metabolic imbalances, hormonal and growth
factor imbalances, and chronic inflammation (22). As the
prevalence of overweight and obesity have continued to rise
in the United States, risk of chronic disease has increased as
well, indicative of a shift in the overall health of the general
population, despite recognition of the problem at a national
level (23, 10). Whether this trend will continue is unknown.
However, because chronic disease risk is long term, even if
obesity prevalence stabilizes or decreases in the near term, the
risk of chronic disease will remain in the population at large.

When the RDAs were replaced with the DRIs, beginning
with the first DRI report in 1997 (Figure 1), the concept that
“…the criterion or criteria chosen for a specific nutrient is
for the healthy US and Canadian populations…” was retained
(24, p. 22). At the same time, however, the new reference
values were designed to include, where data existed and were
sufficient, consideration of reduction in the risk of chronic

degenerative disease—not just the absence of deficiency—
in derivation of a recommended intake (24). Although the
concept of a “healthy population” in these first DRI reports
was not defined at the level of specificity noted in the 1974
RDA report (11), the rising prevalence of obesity and its
associated risk of chronic disease clearly was recognized (20);
and the determination of specific reference values in the DRI
process included the concept of reducing risk of chronic
disease.

Chronic disease risk and the DRI process
The first DRI values were derived for 35 micronutrients,
energy, carbohydrate, fiber, fat, fatty acids, protein, and
amino acids (25). The new paradigm also included a
mechanism for deriving reference values for nonessential
functional dietary components (e.g., isoflavones, flavonoids,
and carotenoids) in foods. In the initial round of nutrient

FIGURE 3 Trends in obesity among children and adolescents aged 2–19 y, by sex: United States, select years 1963–1965 through
2013–2014 (17). Obesity is defined as a BMI ≥ the sex- and age-specific 95th percentile from the 2000 Centers for Disease Control and
Prevention Growth Chart.
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FIGURE 4 Trends in adult overweight, obesity, and extreme obesity among men and women aged 20–74 years: United States, selected
years 1960–1962 through 2011–2012 (18). Age-adjusted by the direct method to the year 2000 US Census Bureau estimates using age
groups 20–39 y, 40–59 y, and 60–74 y. Pregnant females were excluded. Overweight is a BMI ( kg/m2) of 25–29.9 ; obesity is BMI >30; and
extreme obesity is a BMI >40.

reviews that followed the new DRI process, several nutrients
and fiber were reviewed in light of chronic disease endpoints
or surrogate markers for risk of disease. These included
risk of osteoporosis for vitamin D and calcium (24), dental
caries for fluoride (24), CHD for fiber (26), and markers
of hypertension for sodium and potassium (27). For these
nutrients and fiber, the evidence to support the DRI process
did not lend itself to derivation of an RDA and, in some
cases, a UL was not possible, or no risk from high intakes was
indicated. Nonessential dietary components and nutrients
are not nutrients of adequacy, and thus do not fit the DRI
model in which an intake distribution curve serves as the
basis for identifying the percentage of the population with
adequate intakes (Figure 5) (12). At the time of the review of

FIGURE 5 Population intake distribution curve. The 50th
percentile (average) represents the point at which half the
population has intakes at or above the estimated average
requirement, and half of the population intakes are less than the
average requirement. Reprinted from references 12, 15 with
permission.

these food components and nutrients with potential chronic
disease endpoints, the only reference value that could be
assigned to them was the Adequate Intake (AI), an estimate
of nutrient adequacy by an apparently healthy population
(Figure 2) (14, 15). For nutrients with chronic disease
endpoints, although AIs can be useful as reference values for
estimating intake requirements, they present a challenge to
public health applications. For example, a major impediment
to using the AI in planning for groups is the uncertainty in
estimating prevalence of inadequate intakes for a proportion
of the population (28).

Among the nutrients and food substances previously
considered for chronic disease, only vitamin D and calcium
are nutrients of adequacy, that is, those for which there is
a known nutritional requirement. In a subsequent review
of calcium and vitamin D, the evidence was sufficient to
derive an RDA based on bone health outcomes (29). Sodium
is unique in that, although it is an essential nutrient, given
dietary patterns and food sources in the United States, there is
effectively no evidence of inadequacy for this nutrient. Thus,
for sodium the concern is one of excess intake. For fiber, a
small set of prospective population studies reviewed in the
2002/2005 DRI report on macronutrients (26) found a strong
relation between total dietary fiber intake from foods and
CHD risk. These studies, however, found a continuous effect
of fiber on heart disease risk across a range of intakes, thus
it was not possible to set an estimated average requirement.
The AI derived for fiber was based on calculation of g
consumed.kcal−1.d−1. In addition, no UL was set based on
the assumption that high intake would be self-limited (26).
A subsequent outcome of the DRI process that moved the
field forward in chronic disease risk was derivation of a
formal definition for dietary fiber (30). This important result
helped substantiate the evidence establishing a link between
a dietary factor, fiber, and risk of a chronic disease, CHD,
identified in the previous DRI review (26).
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Challenges for future DRIs with chronic disease
endpoints
Establishing causality in developing DRIs for chronic disease
endpoints presents a particular set of challenges. These
include, among others, the multifactorial nature of chronic
diseases, the extended period of time between exposure and
outcome, variance in results across different study designs,
and the limited ability, or inability, to establish a relative risk
of developing a given health outcome based on dietary intake.

Chronic diseases are multifactorial in nature and not
directly nutrient-specific, therefore identification of a dose-
response relation relative to a given health outcome is
difficult. In addition, risk factors for chronic disease can be
established early in life, such as during fetal development
through epigenetic mechanisms (31, 32). Other modifiable
and nonmodifiable risk factors accumulate over decades of
exposure, contributing to the overall probability of a disease
outcome (33).

The body of evidence supporting nutrients and other
food substances as modifiers of risk of chronic disease is
generally limited, and often there is a lack of consistency of
findings across different study types. Randomized controlled
trials (RCTs) are useful for demonstrating causality, but they
rarely reflect the range of habitual intakes among free-living
individuals and a direct causal relation is difficult to replicate
in an RCT when exposure and outcome are separated by a
long period of time. Observational evidence, on the other
hand, although more reflective of “real life” dietary intakes,
has limited utility in supporting a causal relation between
intake and health outcome, and observational results do
not always replicate those obtained from RCTs. Further,
because of the probability of confounding, determinations of
disease risk from observational studies are never precise in a
population or subgroup.

Recently, consideration of options for ways to include
chronic disease endpoints in future DRI reviews was un-
dertaken by an expert panel convened by the National
Academies of Sciences, Engineering, and Medicine (34). In
the course of the study, the panel identified 2 conceptual
and methodological challenges as central to developing
DRIs for chronic disease endpoints. These are 1) evaluating
dietary intake measures, and 2) identifying and measuring
chronic disease health outcomes. Often there is uncertainty
in the projected magnitude and/or direction of risk reduction
effectiveness of any dietary substance for a given chronic
disease outcome. Critical to establishing a dose-response or
causal relation between a nutrient or food substance and a
given health outcome is the ability to measure dietary intake
while minimizing factors, such as confounding and risk of
bias, that contribute to uncertainty. Methodologies currently
used to assess intakes among free-living individuals, however,
have long been known to underestimate actual intakes based
on the uncertainties inherent in self-reporting (35, 36, 37).
As with measuring dietary intake, equally critical is the
ability to identify measures of a chronic disease outcome
such as surrogate markers, intermediate endpoints, or other
biomarkers of effect (38). Absent validated biomarkers of

long-term intake and accurate quantitative intake assessment
from self-reported intake data, identifying a clear causal
relation is difficult. Taken together, these challenges set
a high bar for deriving an approach to incorporating
chronic disease endpoints into the DRI process. The 2017
committee to develop guidelines for chronic disease DRIs,
however, undertook the challenge and made its recom-
mendations for a pathway forward for future DRI review
committees (34).

Options for modifying the DRI process to include
chronic disease endpoints
As part of its task, the 2017 committee to develop guidelines
for chronic disease DRIs was given a summary paper of
various options for answering questions about diet-disease
relations underlying risk of chronic disease (39). The paper,
referred to as the “options report” was the outcome of a
multidisciplinary working group sponsored by the Canadian
and US government DRI steering committees. The group’s
objective was to provide options in response to scientific
challenges related to setting DRIs for nutrients or other food
components associated with chronic disease endpoints. The
working group focused on 3 crucial questions. First, what are
the important evidentiary challenges for selecting and using
chronic disease endpoints in future DRI reviews? Second,
what intake-response models can future DRI committees
consider when using chronic disease endpoints? Lastly, what
are the arguments for and against continuing to include
chronic disease endpoints in future DRI reviews? The options
report further outlined the range of options identified by
the working group for responding to these questions and
included an assessment of the strengths and weaknesses of
each option (39).

Among the options (34) considered by the chronic disease
DRI committee were:

(1) Whether to maintain the existing process of incorpo-
rating chronic disease endpoints into the current DRI
development approach or develop a distinct process to
complement the existing DRI process;

(2) Whether to continue to consider, as a distinct process,
food substances that may be either interrelated in their
apparent causal relationship, or clustered according to
their apparent causal relationship to a given chronic
disease;

(3) When to apply surrogate markers of disease rather than
chronic disease endpoints, based on disease prevalence;
and

(4) What level of certainty would be needed to support a judg-
ment that an observed association could be considered as
causal?

In response to the challenge of evaluating dietary intake
measures, the committee concluded that the nature and
quality of nutrient intake instruments are diverse; and that
self-reported measures might be essential for some purposes
even though they inherently suffer from both random errors
and systematic biases. In addition, although biomarkers of
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intake, which are more objectively quantifiable, can replace
self-report for some purposes, only a few nutrients have val-
idated biomarkers. Lastly, no one single approach accurately
measures dietary intake in a comprehensive manner for all
nutrients, thus each study methodology must be assessed
based on its own merits (40).

In response to the challenge of identifying and measuring
chronic disease health outcomes, the committee concluded
that studies that explore relations between nutrients or
food substances and chronic disease outcomes vary in the
nature and quality of the health outcome measure. High-
quality measures of chronic disease outcomes are ideal when
developing DRIs based on reducing risk of chronic disease.
However, outcome measures may be flawed, and sufficient
data on associations between nutrient exposure and expected
outcome do not always exist. The criteria for a qualified
surrogate marker are 1) that analytical validation exists; 2)
the surrogate marker is on the causal pathway in disease
pathogenesis; 3) the surrogate marker is significantly associ-
ated with the disease in a target population; 4) the surrogate
marker consistently changes with the health outcome in
response to a nutritional intervention; 5) a change in the
surrogate marker supports a substantial change in the disease
response to exposure to the nutrient or food substance;
and 6) the context of the surrogate’s use is defined (40,
41). The committee supported the option that studies that
measure qualified surrogate markers should be considered
when evaluating evidence for a causal relation; however, it
did not support using nonqualified intermediate markers,
because they could lead to serious misinterpretation of DRIs
by users (34).

In response to the issue of uncertainty in establishing
causality, the committee noted the importance of the se-
lection of methodological tools used to evaluate evidence.
In considering chronic disease endpoints, the challenge in
obtaining evidence using a RCT approach, is that, because
conducting randomized trials is often not feasible, the avail-
able evidence is principally observational. Problems such as
confounding, bias, and inaccuracy in determining exposure-
response relations introduce a high level of uncertainty
into the assessment process for this type of evidence. To
address these issues, the committee recommended use of a
well-designed systematic review to identify relevant studies,
including observational evidence as a complement to avail-
able RCTs, then applying the Grading of Recommendations,
Assessment, Development and Evaluation assessment to
determine the strength of the evidence. Importantly, for
observational studies to show a causal relation between
exposure and outcome, the Grading of Recommendations,
Assessment, Development and Evaluation assessment would
have to show at least a moderate rating for the relevant
evidence base (34).

Conclusions
The current framework of the DRIs is built on a rich history
of dietary recommendations, linked to and intertwined with
changes in the nutritional status of the US population. The

DRI process has evolved from the RDA, a single value, to
specification of multiple reference values that encompass a
safe range of intake. Now this process faces new challenges
with respect to using endpoints for the reduction of risk of
chronic diseases such as CHD, CVD, hypertension, T2D,
cancer, osteoporosis, dental caries, and nonalcoholic liver
disease, which have become increasingly prevalent in the US
and Canadian populations. However, establishing a relation
between a nutrient or food substance and a given health
outcome is complicated by the multifactorial nature of
chronic disease risk, the length of time from exposure to
outcome, and the difficulty of using biomarkers or surrogate
endpoints to predict disease risk.

Although the first DRI reviews included consideration
of chronic disease risk in setting recommended values, to
date, with the exception of calcium and vitamin D and
bone health, there has been no RDA derived for any other
nutrient or food substance associated with a chronic disease
endpoint. There are additional challenges to setting a UL
for a chronic disease endpoint. These include identification
and/or quantification of a threshold of toxicity among a large
and diverse population, variability within the population in
sensitivity to high exposure to a given nutrient, bioavailability
of the nutrient, and possible nutrient-nutrient interactions
(i.e., confounders of disease risk).

Thus, the current DRI model has not been shown to
be particularly adaptable to setting DRI values for chronic
disease endpoints. With the AI, and possibly UL, as the
only feasible options for many nonessential food substances
and some nutrients, such as sodium, for which there is
no evidence for toxicity that could be used to establish a
UL, clearly a different approach is needed. In response to
these challenges, a committee of the National Academies
undertook the task of considering a range of options for
deriving chronic disease DRIs. Their recommendations have
now been published as guidance for future DRI reviews,
although how these options will be applied in future reviews
has yet to be decided.

Topics for future action
The DRI paradigm, as originally conceived, included
2 types of endpoints—to ensure adequacy of intake and to
avoid excess. This model was developed with the concept
of including both nonchronic (essential nutrients), and
chronic (nonessential nutrients and other food substances)
disease endpoints in deriving reference values. In practice,
however, the derivation of reference values for chronic
disease endpoints has proven to be challenging, largely
because the model is based on the concept of assuring
intake adequacy and, for the UL, an upper limit threshold
based on adverse outcomes. An additional challenge will be
to identify health outcomes that are representative of the
general population.

For both nonchronic and chronic disease outcomes, as the
process for deriving nutrient reference values continues to
evolve, questions about how to consider target populations
in the DRI process will arise. With nearly 40% of the adult
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population currently at risk of ≥1 chronic disease, it is
clear that the concept of a healthy population needs to be
reconsidered. In addition, it will be important to re-examine
how indicators of chronic disease can be integrated effec-
tively into the DRI process. This could include developing
specific DRIs for at-risk subgroups, including adults and
children, within the general population when relevant study
design(s) and approaches to risk stratification are sufficiently
robust.

Future research in support of DRI development might
include such areas as biomarker validation for nutrients
and other food substances, including bioactive compounds;
dose-response research to identify safe and effective upper
and lower intakes for both essential and nonessential nu-
trients and other food substances; and evaluation of the
relevance of extrapolating data from adults to children and
infants.

Although there are research gaps that need to be filled,
as new DRI reviews are undertaken and the recommen-
dations for chronic disease DRIs are incorporated into the
process, generating intake recommendations to support a
health-promoting diet to reduce risk of chronic disease
and meet essential nutrient requirements is a feasible
goal.
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